Introduction
Today the HIV infection has turned into a chronic disease with significantly longer duration of the life of the patients, as long as they maintain a suitable antiretroviral therapy. Problems of pressing interest are the persistent immune activation and chronic inflammation during the treatment with antiretroviral therapy. Taking this into account, different factors which could affect the immune system and the progress of the HIV infection are being researched. Vitamin D (25(OH)D) is one of those factors if we take note of its effect on the innate and acquired immunity [1] . Vitamin D is a generic name which is used to indicate vitamin D2 (ergocalciferol) and vitamin D3 (cholecalciferol). It is labeled as 25(OH)D. In order to show its functions, vitamin D interacts with a corresponding receptor (VDR), which is expressed by a large number of organs including brain, muscle, pancreas, colon, mammary glands and immune cells. Many researches explain the role of vitamin D as an important mediator of the congenital and acquired immune responses [2] .
Numerous international studies analyze the serum levels of 25(OH)D for HIV-infected patients, and the results show that those patients have insufficiency and deficiency more frequently [3] . The evaluation of the risk factors for the hypovitaminosis D for the HIV infection includes evaluation of the HIV-specific and HIV-independent risk factors. Some risk factors as the female sex, winter season, age, diet with a lower intake of vitamin D and a darker skin color are similar risk factors to those reported from the HIV-negative cohorts. Risk factors related to HIV-infection are increased turnover of the T-lymphocytes, chronic inflammation, increased TNF-α and the conducted antiretroviral therapy [4] [5] . The antiretroviral drugs which are proven to affect the metabolism of 25(OH)D are the protease inhibitors and the non-nucleoside inhibitor Efavirenz (EFV). The protease inhibitors inhibit 25(OH)D 1α-and 25α-hydroxylation in the hepatocytic and monocytic cell lines. The Efavirenz (EFV) leads to reduction of the 25(OH)D catabolism, via induction of CYP24 and a decrease of the transcription from one 25-hydroxylase-CYP2R [5] .
It's a fact that the antiretroviral therapy induces not only the quantitative, but also the qualitative changes of the cytokine profile of the patients infected with HIV [6] [7] . That requires seeking new opportunities for a permanent decrease of the immune activation and the chronic inflammation. Progression towards HIV and the death rates could be reduced, together with the suitable virus suppression. The connection between the 25(OH)D serum levels and the cytokine profile could also affect the development of the HIV infection [7] - [10] . The biological effect of the cytokines depends on their interactions. More researches of the inflammatory and regulatory profiles are necessary in order to clarify the interactions between the cytokine levels and the actual clinical condition of the HIV-infected, especially those with prolonged use of a combined ART [6] [7] . The aim of this study was to assess vitamin D status in Bulgarian HIV-infected adult population and to assess connection between 25-hydroxyvitamin D status and plasma levels of some major cytokines.
Materials and Methods
This was an observational, analytical study, which included 145 HIV-positive patients, who are followed at the Department for acquired immune deficiency at Specialized Hospital for Infectious and Parasitic Diseases "Proff. Ivan Kirov"-Sofia city.
Data were collected through a form containing sociodemographic, immune-virological, antiretroviral therapy, vitamin D and cytokine profile.
A specialized test of the 25(OH)D serum level was conducted and the blood samples were collected in the months of November to March. The winter months were chosen intentionally in order to limit the impact of the sun light upon 25(OH)D serum level. The 25(OH)D (25OHD total) serum level of all of the tested patients at first was determined by a highly sensitive and specific radioimmunoassay kit (25OH Vitamin D total-RIA-CT, DIA source Immuno Assays, Belgium). According to the reference values of the method, 25(OH)D < 10 ng/ml levels are defined as a deficiency and the serum levels between 10 -30 ng/ml are defined as insufficiency. It's sufficient if the level of 25(OH)D is from 30 to 150 ng/ml.
On the next stage of the survey on the 60 HIV-infected patients, who are from the first tested group, additionally defined the cytokine profile. In order to analyze the effects of the 25(OH)D serum level upon the cytokine profile we once again tested the 25(OH)D serum levels of those patients. The blood samples of those who were tests were collected in the months August-November. The test VIDAS ® 25 OH Vitamin D Total was used-enzyme immunoassay with highly fluorescent measurement ELFA. According to the reference values of this method the 25(OH)D < 20 ng/ml serum levels are considered as deficiency and the serum levels between 20 -30 ng/ml are defined as insufficiency. It's sufficient if the level of 25(OH)D is 30 to 100 ng/ml.
To determine the cytokine profile of those patients, the test "Human Th1/Th2 Cytokine Kit" BD TM CBA was used. In one tube, IL-2, IL-4, IL-6, IL-10, TNF-α and IFN-γ can be quantified simultaneously. The kit is optimized to perform quantitative analysis of the cytokines in supernatants from tissue cultures, plasma collected in a container with EDTA or serum samples.
Data were collected only after the Ethics Committee of Specialized Hospital for Infectious and Parasitic Diseases "Proff. Ivan Kirov" has approved the study.
All results are expressed as mean and standard deviation, and submitted to Kolmogorov Smirnov and Lillieforsnormality tests. Comparing the groups using Mann-Whitney Utest and one factor statistical analysis ANOVA. The test is considered statistically significant if p < 0.05.
Results
The distribution of the patients according to their gender-respectively 108 male and 37 female. The average overall age of the tested subjects is 34.9 ± 9.3 years. The average age of the males is 34.8 ± 9.2 years and that of the females is 35.2 ± 9.5.
The patients are being monitored ambulatory; they did not have any indications for hospitalization. In the test group, bigger part of the patients is treated with the antiretroviral therapy, but there are also naive patients. From all of the followed patients only in 15% of the tested (n = 22) we found normal vitamin D serum levels. Accordingly, for the other 85% (n = 123) we discovered 25(OH)D < 30 ng/ml serum levels. From them 12% (n = 17) the 25(OH)D serum level is < 10 ng/ml, which defines as deficiency of Vitamin D. The largest group is that of patients with 25(OH)D level between 10 -30 ng/ml-73% (n = 105). Those serum levels are defined as insufficiency of vitamin D.
We didn't discovered significant difference in the 25(OH)D average values between men and women (p = 0.85). From the tested women 83% (n = 31) have values of 25(OH)D below 30 ng/ml. The tested men 83.3% (n = 90) had deficiency or insufficiency of 25(OH)D.
The distribution of patients according to their gender and the values of 25(OH)D is shown in Table 1 . There were no significant differences between the average values of 25(OH)D of the male and female patients and in the individual groups defined as deficiency, insufficiency and sufficient levels of vitamin D. There were no significant differences in the average values of the 25(OH)D serum levels when dividing the patients according to intake and their type antiretroviral therapy in 4 groups (naïve patients, treated with protease inhibitors, After a re-examination of 25(OH)D (60 patients from the group, parallel with cytokine profile), although the blood samples were collected between the summer and autumn months, we once again found that a big part from the patients have deficiency or insufficiency. From the tested patients 81.6% (n = 49) were with 25(OH)D values lower than the normal, and for 41.6% (n = 25) of them we discovered deficiency, and for 40% (n = 24) of them we discovered insufficiency. Only 18.4% (n = 11) of the patients had normal 25(OH)D values.
Second stage of our research was determining the cytokine profile of some of our monitored patients. Except the examined and analyzed up to this moment date results, 60 of the patients had the following cytokines examined: IL-2, IL-4, IL-10, IL-6, TNF-α and IFN-γ. 30 of the patients (20 male and 10 female) had determined cytokine profile ex vivo (concentration of the cytokines IFNγ, TNFα, IL-2, IL-4, IL-6, IL-10 in the peripheral blood). All of the patients in the subgroup are on a different stage since the start of the antiretroviral therapyaccordingly 3 to 185 months. For convenience we defined them as group A. For the remaining 30 patients (21 male and 9 female) the cytokine "potential" was determined-meaning that the concentration of cytokines after an unspecific stimulation on a sample of peripheral blood with phytohaemagglutinin. Those are the patients from subgroup B. In this subgroup two of the patients are not treated, the rest are on different stages of the treatment-2 to 153 months from the start of the treatment. We didn't discovered statistically significant difference between the average number of CD4 cells in the three subgroups of patients with different 25(OH)D levels. There wasn't a statistically significant difference in the three groups of patients with different 25(OH)D levels regarding the CD4/CD8 index. The patients with lower 25(OH)D levels have lower CD4/CD8, even if the difference isn't statistically significant (Figure 1 ).
All patients with active virus replication are in the groups with abnormal 25(OH)D level (deficiency and insufficiency), even though a statistically significant difference wasn't discovered in the different groups.
Because the analyzed patients differ according to the duration of the antiretroviral therapy it is more correctly to compare the speed of the CD4 change, the difference between the baseline and the current number of CD4, divided by the months of therapy (Figure 2) . One of the subgroups includes 12 patients with very low IFN-γ (mean < 2.1 pg/ml). In the other subgroup that has 18 patients the average IFN-γ value that was measured was above the upper referent limit (mean > 56 pg/ml). It was discovered that those two subgroups differ significantly in number of the CD4 cells, the IL-4 level and the IFN-γ/IL-4 ratio. The subgroup with high IFN-γ has significantly higher CD4 cells than the average value and a lower than the average IL-4 values, compared to the group with low IFN-γ. The subgroup with high IFN-γ is with a higher ratio IFN-γ/IL-4, which shows the power of the Th1 immune response (Figure 3) . Significant differences between those two groups regarding IL-6, IL-10 и TNF-α were not found. Significant differences between the 25(OH)D serum levels, the virus load and the CD4/CD8 index were not found.
A connection between the 25(OH)D serum level was found only in the subgroups with lower values of IFN-γ and the plasma levels of IL-6, IL-10 and the ratio IFN-γ/IL-4 (Th1/Th2): The study of the cytokine profile after a stimulation with phytohaemaglutinin (subgroup B) gave the following results:
In this subgroup we compared patients with 25(OH)D < 20 ng/ml serum level and patients with values above >20 ng/ml, because of the due to the small number of patients (n = 2) with normal 25(OH)D (>30 ng/ml) values.
Analyses showed that the IL-10 level is reduced significant in patients with vitamin D serum levels <20 ng/ml compared to those with serum levels >20 ng/ml (mean = 134 and 196; p = 0.05).
We found significant difference for the TNF-α plasma level. It's decreased significantly in patients with 25(OH)D deficiency compared to the group with serum level >20 ng/ml (mean < 20 = 978; >20 = 2125; p = 0.027).
We also found statistically significant differences in the IL- Similarly, in the results in subgroup A and in subgroup B were not found significant differences in terms of the CD4 number and CD4/CD8 index. There is a tendency for a higher CD4 number with patients with 25(OH)D > 20 ng/ml values.
Discussion
In vitro researches show that the vitamin D serum levels have impact on the cytokine profile in the organism-it inhibits the production of the IFN-γ and IL-6 [11] . The in vivo researches are scarce and have produced conflicting results. A research including 28 healthy adults, performed by Barker et al. [3] , concludes that 25(OH)D serum levels have inversely proportional correlation with the IFN-γ levels but not with the TNF-α or IL-10 levels. The results from a research conducted by Peterson [12] are opposing those of Barker's. After testing the serum levels of 69 females, the results showed that there was a inversely proportional dependence between the 25(OH)D serum levels and the TNF-α serum levels. There wasn't such correlation between the IL-6 or IL-10 serum levels. In our study we found that the TNF-α plasma level decreased significantly in patients with 25(OH)D deficiency compared to the group with serum level >20 ng/ml.
Ansemant et al. [1] reported data from a research including 263 HIV-infected patients treated with the antiretroviral therapy according to which there is a significant positive association between severe deficiency of increased 25(OH)D plasma levels of the IL-6 and they don't established any association with the duration and type of therapy. In the present study patients with 25(OH)D insufficiency and deficiency are characterized by higher IL-6 levels compared to patients who have normal 25(OH)D.
Some researches demonstrate that 25(OH)D plays an important role in the IL-10 production. According to Khoo et al. [13] , 25(OH)D directly affects the Treg cell growth and stimulates the production of IL-10. In our study we found that patients with 25(OH)D deficiency have lower IL-10 levels compared to patients with normal levels.
Giacomet et al. [14] presented that the supplementation with 25(OH)D doesn't have an effect on the values of the CD4 cells, but it's connected with the decrease in the ratio Th 17:Treg immune response after 3 months. In the present study was found that the patients with values of 25(OH)D < 20 ng/ml recover the number of CD4 cells slower that of those patients with 25(OH)D levels >20 ng/ml.
Conclusion
In conditions of chronic HIV infection the increasing 25(OH)D deficiency worsens the damaging of the cellular immune response. Our results confirm the researches of other scientists. There's active immune inflammation when there are reduced vitamin D serum levels and it leads to stimulated secretion of the regulatory cytokines and suppression of the Th1 antiviral response. The phase of advanced 25(OH)D deficiency is characterized by parallel depletion of the regulatory and effecter capabilities of CD4 lymphocytes. The recovery of the CD4 lymphocyte pool is difficult because of the lower than average 25(OH)D serum levels, regardless of the conducted antiretroviral therapy. The compensation of this deficiency may improve the effect of the specific therapy and recovery of the protective cellular immunity.
